Meta-analysis is now an essential tool for genetic association studies, allowing these to 13 combine large studies and greatly accelerating the pace of genetic discovery. Although 14 the standard meta-analysis methods perform equivalently as the more cumbersome joint 15 analysis under ideal settings, they result in substantial power loss under unbalanced 16 settings with various case-control ratios. Here, we investigate why the standard meta-17 analysis methods lose power under unbalanced settings, and further propose a novel 18 meta-analysis method that performs as efficiently as joint analysis under general 19 settings. Our proposed method can accurately approximate the score statistics 20 obtainable by joint analysis, for both linear and logistic regression models, with and 21 without covariates. In addition, we propose a novel approach to adjust for population 22 stratification by correcting for known population structures through minor allele 23 frequencies (MAFs). In the simulated gene-level association studies under unbalanced 24 2 settings, our method recovered up to 85% power loss caused by the standard method.
Introduction 39
Meta-analysis is now an essential tool for genetic association studies, allowing these to 40 combine information on 100,000s -1,000,000s of samples, and greatly accelerating the 41 pace of genetic discovery. Under ideal experiment settings, e.g., the same case-control levels 8 . Many tools implementing standard meta-analysis methods have been proposed Table 1 .
P values of gene-level Burden test and SKAT by the standard meta-analysis method, our
Similarly, the joint T is given by To use the above formulas to estimate T , besides (T 8 , ≈ 0 , X 0 Y , W 0 ) , the quantities of 
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"Standard Meta" denotes the standard meta-analysis methods; "Adjusted Meta" denotes our new meta-analysis methods. Adjusted Meta Standard Meta 
